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OF 4 FEEDER REFLEGLOMBIER
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This paper deals with a theoretical and experimentsl investiga-
tion of the operation of a feeder reflectometer for remote measure-
ment of the traveling-wave ratio in feeders. This ratio, which 1is
spparently inversely proportional to the more commonly used standing-
wave ratlo {SWR), will hereafter dbe referred to as the TWR. Figures

referred to are appended.

TNTRODUCTION

In tuning antennas with feeder supply, the main problem is that of obtain- |
ing the highest possible TWR,

Existirg methods of measuring tke TWR are generally based on the distribu-
tion of current or voltage in the feeder. These methods are not completely sat-
i1sfactory, since they involve meny measurements at different points of the feeder
and subsequent celeulations. In the case of short feeders, of the order of a

v quarter wave' length, for example, these methods are generally inapplicable.

Moreover, ~ operating tuned antennas it is important.to maintain constant
control over the operating conditions inthe feeler,. gince a shayp-reduction in
the TWR may disturb trensmission or, if the transmitter is sufficiently powerful,
cause insuletion breskdown, arc-overs, and other dsmaging effects,

Traveling waves ere most simply controlled through the use of several in-
struments congected at different points of the feeder, which give, vhen properly
spaced, identical readings only when traveling waves are present. But this method
will give more or less accurate results only when more than three instruments are
used, end moreover, it does not permit any quantitative estimate of possible varla-

tions in the TWR.
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Therefore, anteunns englneering urgently needs en instrument which will,
when connected with any section of a feeder, give readings, directly or indi-
rectly of the actual TWR in the feeder. Such an instrument would make it pos-
sible to tune the antenna from its readings and to follow conditiouns ‘in the

feeder during operation.

To control operating cornditions in a feeder, A. A. Pistol’kors (Certifi-
cate of Authorship No 53838, 22 November 1939), suggested a traveling-wave .in-
dicator in the form of a feeder sectlon running parallel to the main feeder
and loaded at the end opposite the transmitter by an instrument which meas-
ures the hf current or voltage and at the other end by an effective resistance
of a definite value, It has been theoretically shown that this instrument will
read zero when traveling waves are present. >

Despite the above advantages, this device is unsatisfactory because the
instrument cannot be calibrated in TWR units, since its readings depend on the
power in the main feeder. Therefore, Pistol'kors' device does not permit one
+o estimate how far the operating conditions in the feeder differ from perfect
traveling-wave conditions.

M. 5. Neyman has proposed two variations of this device, which do not dif-
fer in printiple’ (Clatm No P-5h, 15 April 1940}, to make the instrument reddings
independent of the power in the feeder.

In the first variation, two feeder sections are extended parallel to the
main feeder. In thne first section, the instrument i connected on the antenna
side and the etfective resistance on lhe bransmitter side. In the seccnd sec-
tion, the instrument is connected on the transmitter side and the resistance on
the antenna side. Both instruments act as hf rectifiers, pnd the firect currents
cbtained are fed to a current ratiometer. The current ratlo does not depend on
the power, but is determined only by the TWR in the main feeder. Hence, the
ratiometer cen be calibrated directly in TWR units.

~ The second varietion has only omermaeasuring feeder section with equal ef-
fective resistances and hf rectifiers connected to both ends. As in the first
case, the rectified currents are fed to a ratiometer, It is obvious that this
variation is more satisfacto - than the first, from the design standpoint. Its
use in a two-wire and coaxial feeder is shown in Figures 1 and 2.

The second variation is a convenient instrument for tuning the antenna,
and controlling operating conditions in the feeder from the TWR readings. Tun-
ing and control can be effected remotely, since the ratiometer can be placed at
any desired distance from the measuring feeder sectiom. )

The anthor mede a theoretical and experimental study of the practical ap-
plication of the device proposed by M. S. Neymean. This study revealed the fol-
lowing additional properties of the device: the ratio of the currents fed to
the ratiometer, for a given value of the effective resistance, does not depend
on the yawe 18n@th. . Thie feature .makes the dexigadmmiteble, for-use Jvey @, bangk of

. frequencies., Moreover, the current ratio is exactly equal to the reflection
coefficient in the main feeder. Since the reflection coefficient is directly
related to the TWR, the measuring device does not require special calibration.
This fact prompted us to call the device a feeder reflectometer.

Furthermore, the theory underlying the reflectometer showed that its read-
ings are also independent of the polnt of coupling with the main feeder. The
present work o®.thls subject was carried out in B , but publication was
delayed by the war. The operating principle of % et lectometer was published
jointly by M. S. Neyman and A. A. Pistol'kors /1 /.
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THEORETICAL SECTION

Basic Relations

We cunpider a system composed of two parallel lines without distributed
losses, with electric and magnetic coupling, and a generator of alternating
emf connected in the primary line (Figure 3). We shall teke the end of the
secondary line opposite the generator as the origin of the coordinate system.

We call the potential difference at the ends of lines I and II in the
section x = O Ul and Uji, respectively, and the end currents, Iy and Iyy. We
can then write the equations for voltages and currents in the section 0 x £ £

as follows / 2_7:

Uy = Uy cos mx + { (17 o+ Iy L) sirm mrz ()

I/-‘[I cos mx + 2 ((/[ qzj Ry .4 (2)
é Ga

Uz”UI cos mx 1 (Ig(a ‘/"-[I@)é‘/n mx (3)

+)

I,=Iy cos mx + 2 é(/g Uy \sin mx
o P

(3 1'/'2-

Here Ui, Ug, Ij,_sand I, are the
secondary lines; =2—7f"; Pa, is the
lipe in the absence of the secondary

voltages and currents in the primary and
characteristic impedance of the primary
line; .z , the characteristic impedance

of the secondary line in the sbsence of the primary line; @, and P are the
characteristic impedances of lines I and II, teking into account their influ- . .
ence on each other; £, 1s the characteristic mutual impedance of lines I and

» II, and Pc is the characteristic coupling impedance.

The values of the characteristic impedances are determined from the fol-
lowing formulas: N

Poy = 120 du

Paz = /120 2z

e =20 a'//a’,e:;a"/zt (5)
(02=/20 a'”a’e‘,'z/—'a’%z

Cz=120 dudea=da
Ga

@ =120 diz

The values of djjy, do2, and djp, vwhich depend on the size and geometrical
arrangement of lines I ard ITI, will have the following velues for the case of

two-wire lines [ 3_]:

= tr DU, oy = Lot D22 and g = 4n D2 (6)
Zy App2 %ya
- 3 - LY . .
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All symbols nsed here are explained by Figure 4. For a coaxial system
(Figure 5), these will have the following form:

% 4 .

- R2—~g% =_/ R
a;/:é' j”»f/.&) 0’&2 ——21' //L._—IQ__ and d/a? '—;?—' —Zn_——-‘, (7)
From formulas (5), we obtain a simple equation relating the following
separate characteristic impedances:
Cas 2
ey
Pz Co (8)
Moreover, in most practical cases the difference between some of the char-
acteristic impedances is very small. For example:

ﬁm/¢5fb””d Faé a’ﬁ@. (9)

The equations are correct to a fraction of a percent for two-wire lines
and to a few percents for coaxial systems.

We now derive expressions for currents in the secondary line in the sec-~
tions x= O and, x = £ as a function of the current in the primary line. Letting
Z, be the iuput impedance of the primary line in the section X = 0 and Zp and Zg
(Figure 6), be the impedances at the ends of the sscondary line, we have:

L4:=_Z};Z>) Q&::ZﬁuZ; ﬂﬂz/ Oél:=:——j;£4zy.

The minus sign 1w 1

the last arices be e ent 1
impedance Zz is flowing in the opposite direction to the current Iyt.
3 11

We use the last equations and formulas (1)-(4) to obtain:

(l“c-—- —Z-é—"z—f ) sin m€

» (10)
(Z, +2Z;)cos md +/0(£::gi - ()“‘2) sin ml

Zi”=‘$42}

. o, . . F
B g, (ot BT cos 8+ (2 o 4 Zs B Jornmd g
(2o 4~2Z3) cos ml +4 (_(%__zz‘?) -}-(oa.g,).s/ﬁ mt

We rectil that the current Iy (Figure 6), corresponds to the end of the
secondary lipe opposite the transmitter.

Theory of the Reflectometer

Expressions (10) and (11) are the basis for the derivation of all relation-
ships characterizing the secondary line as a unit for measuring the TWR in the
primary line. . ’

It follows from expression (10) that the current Iyp flowing through the
impedance Zp will be zero if the following condition hoﬁs '

v
H
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By changing this condition to the followin: form; . ;
) Z1Ze Loy 2 e O
Caife Co Cip +
and using aquation (8), we obtaln:
Z
J—22Z2 o (12)
Pa,l rog
It ts obvious that condition (12) will occur for various values of Zj
and Z3. But 1f we set Zy:= poy the current Ijp will be zero only when %43 =
€a; , that is, only when’there ave traveling waves in the feeder. This last
statement 1s the basis of the reflectometer.
Since the va.ue of the impedance 2, 18 {material in condition (12), let
us assume that Zo-= 23 = e2. Then using equations (8) and (9), we can write
(10} and {11} in the followving form:
’ Z/ ' j PG
I'=|1I, (/_F_-’M sin md |z (13)
I | ] (/+~ Z ).s/n mé e s (1)
) I (od// ’ 2P2_
vhere we set I' = \ Ip7 | end "= I"n’-ll’
From formulas {13) and {14), we obtain as the ratio of the currents at
the epnds of the reflectometer:
I’ I Car —Zy (
7 e [ ey I 15)
I 'a(l/l —'L-ll
The expression thus obtained is simply the reflection coefficient in the
mein feeder / Y /, which is related to the TWR k Dy the equation:
A= LlL , (16)
!/ H-p
vhere p 1s the absolute value of the reflection coefficient.
Hepce, we conclude that the current 1' is caused only by reflected waves
in the feeder, while the current I" is caused only by direct waves, since by
definition;
N || Lref],
Udjr Idir
In fact, if we vrite the formulas (13) and (14) in the form:
['=|(I —U)J/hm,!‘_ff——
I Pays z ‘?(oupa ’
" . (O
= |(T Uy) st7 m/l—-ﬁ-—-—
ICar + I) 2Cns P2
and if ve then make use Qf the basic principles of the theory of lines [ hj:
Ur= Udqjp 4 Uper end Iy Coy= Ugir— Uset
-5- i : L4
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we obtain the following:

Z

I'=|1,

oF srr mE

-Q’:—, | (27)

L . (18)
%

[/,= ‘[l//'f' J‘/‘)? /77/!.

The physical interpretation of these equations is given in [1_-7.,' ﬁ:lg 4
Thus the current 1" always differs from zero while the curremt 1, as

shown in {18). becomes zero with a traveling wave presemt only when Ipep = 0.

Mor=over, for a standing wave I' = I'', since here lIrefl = | Idirl o

Two very important cousequences, besides that of independence of power in
the feeder, result from (15). First, the ratio of the currents does not depend
on the point at whick the reflectometer 1s coupled with the feeder, since the
reflection coefficient in all sections of a uniform line is a constent, and,
secondly, the current ratio does not depend on the vave length of the oscilla-
tor extiting the feeder.

We also see from formulas {17) and (18) that not only is the currer?’ ratio
independent of the point at which the reflectometer and feeder are coupled, but
that the cwrrents I' and I" are likewise independent, since the amplitudes of
the currents I.ef and Iqyr ere constant along the feeder.

It is essential to know the limits within which i* and I" vary with varia-
tion in the power and TWR in thefeeder to select ipr‘vuments to measure the 'cur-
vent or voltage at the ends of the reflectometer. Since the values of I' and I"
do 10t depend on the point of connection, we will assume, to simplify the follow-
ing cofiputations, that the end of the reflectometer with the current I' is oppo-
site a curvent loop in the feeder. We shall then have:

P and 2= k
/- ang L
[Iz Cas Pa,/n: ?

where P is the active power in the feeder.

Substituting these expressionsin formulas (13) and (14), we obtain;

NS B =k &,
Z_%W%WMM e
NS P 1tk e Al
g y&, VE 26 s l 20/

Formulas (19) and (20) eunable us to calculate the possible values of the °
currents I' and I" for various feeder and reflectometer parameters. For con-
stant power P, the maximum variation of the currents I' and I" depend on.coef-
ficients which are dependent on k. It is evident from formulas (19) and (20)
that the reflectometer can alsc be used to measure pover in the feeder (B. G.
Strausov / 8 / has worked on this problem). ’

‘We should bear in mind that when k — 0, formulas (19) and (20) are not ap-
plicable in the form cited because here P also approaches O. In this case,
formulas (19) and (20) can be written thus: :

I Unax I ,
7 e (/- ré)ezz ‘J‘/n ml |,
' Upnax o |
7 s (/+'é)'3p'2‘|‘r/” ml |,
-6 -
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vwhere Upgx 15 the voltage at a feeder loop. These formulaes are obtained from

the expression: P= Unza h.
a!

Influence of the Value of. the Impedance Z3

All the above results hold only for the case where P, is equal to the im-
pedance Z,. Since the impedance in practice may not be exactly the value de-
sired, it"is important to determine the extent to which an inaccurate value of

Z3 may affect the reflectometer readings.

Let us assume, as we did in deriving formulas (13) end (1k), that 2p.= 23
and also that Z3 = Rp, where Ry = @,-d¢,. From (10) and (11), taking fbrmu-
1as (8) and (9) into consideration,” the ratio of the currents will be:

D R
Lol Imr e , D)
Vi F-}—ﬁ ﬁgo: md +z'f2_ +_Z.L>J/'ﬂ mf |
a; G Nl T Cai .

First let us _onsider the case of a traveling wave in the feeder (Zy,ﬁ Coy ).
Then expression (21) will reduce to the following: o A

i‘&_‘_ ‘ 22)
& +R, |

, .
In general, the ratio of "the currents is now no longer zero, but may. teke
any value between O and 1, depending on ithe- value of Ro. )

Il

I

To. estimate the error introduced by a resistance Rp different from £, ,
it is convenient to express Ry in terms of A, . Fov, from formula (22), we
. R
okualin:

Aes
—Ffa_
2+ 5k

2
Hence, it is evident that the error in the readings for e traveling wave ‘1s

only epproximately half the relative error in the value of the impedancq', a very
fortunate characteristic of the device.

’

In the general case when %=~ ., , expression (21) shows first that the
ratio of currents depends on the length of the reflectometer. However,".ifsthe
length of the reflectometer is small in comparison with the wave length, W€ can
assume with sufficient accuracy that sin m}==0 and cos m) 1. :

We can now obtain the following more graphic expression:

I'|f°a.:Pz—z,Rz|. ' (23
T'r|t°a./ @ +Zi Ra l 4

If %; is an active value not equal to pa,., (zq = Ry), thet is, if Ij corres-
ponds to & node or loop in the feeder, false zero values of the current 1' may
appear vhen X is not unity. As is clear from (23), this will occur when:

£_6_,
(aa,/ R‘?

-7 - .
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This corresponds to & TWR equal tog; or F — . This fact must be kept in
mind in experimental selections of the resistance Ro. Figure 7 shows the de-
pendency of the current ra”ioc on the quantity Ra_ for various values of 24 .

false zerds do not occur but minimum values

When Z; is complex (27 =Ry iX.),
of the ratio ;[_'rmay be obtained. alhen Rz = @, » the minimum value will corres-
Il

pond to the actual value of k. Otherwise, the magnitude and position of the min-
imum will depend on Ry, X1, and R2.

Influance of the Reflectometer on the Feeder

We will now determine the extent to which the reflectometer influences the
feeder. This problem is of great practical importance since the reflectometer
meesures the reflection coefficient in the section x = 0, that is, only in the
section between the feeder loed and the beginning of the reflectometer. If the
influence of the reflectometer is noticeable, it will reduce the ™R in the part
between the section x = Z and the oscillator; consequently, the reflectometer
reasdings will not indicate the actual operating conditions in the feeder.

Cemparison of the input impedance of the feeder in front of the reflecto-
meter in the section x = 0, and vehind 1t in the section x = ./ can be used as
a criterion of the influence of the reflectometer. We examine the influence of
the reflectometer under the condition that & traveling wave is present in the
feeder. From expressions (1) and (2), we have in the section x = ’

Z = Uy cos mi 4 l'(Iz"Pa,, —/—IEFG)S,‘,, ml
o2 1 (G o) i

e G
For a traveling wave, Ifa, = Uy, and more’over,"z 1 = U = 0.

We now obtain from the last expression: ' N

‘Z l = Cay .
141 .
2 Pat)os n2ml
'\/M\S‘ ml-f'(—ﬁ——) sin -
Since the length of the reflectometer is ordinaiily very small in compar-
ison with the wave length, for 2; , ve obtain, approximately:

| Z, 2|7 P [/ (e —/)j

Hence, for a traveling wave, the influence of the reflectometer is deter-
mined, on the one hand. by its length and, on the otherhltand, I?r the amount of

coupling (the latter determines the degree to vhich the ratio . differs from
unity). In practice, the ratio —‘;“’d— differs only very W unity, 8o

that | Z]_£| R, Consequently, we can disregard the 1 nce of the reflec-
tometer. ‘

EXPERIMENTAL SECTION

Description of the Device

The reflectometer was studled experimentally using wave lengthe' from 50 to
100 m. The feeder used in the experiments was a sguare*wooden box sbout 21 m -
long, faced with sheet aluminum on the jnside. An aluminum pipe passed through
the center of the box. There was & circuit with varisble parameters at the end
of the feeder for tuning to traveling waves, which made it possible to regulate
the TWR in the feeder within wide limits. A general view of the feeder is glven

in Figures 8 and 9.

-8 -
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The reflectometer was placed at the beginning of the feeder (near the i
oscillator), in a special recession in the side wall. The reflectometer line
was 3 m long. The cross-sectional dimensions of the feeder in the reflecto-
meter section are shown in Figure 10. ’

Holders were installed at both ends of the reflectometer to comnect in
Keminskiy-type resistances. The resistances were connected between the ends
of the reflectometer and the shielded side wall, Type VKS-T7 vacuum tube volt-
meters were connected in parallel with the resistances to measure the bf vol-

tage.

Volimeters of this type consist of a conventional diode rectifier using
a Type 955 acorn tube and a dc amplifier. The diode part is mounted’ in.a
probe, connected with the amplifier by a flexible shielded hose. This makes
such voltmeters very convenient, since the probe can be mounted in the feeder

itself.

The legs of specially built ratiometers were connected with the ampli-
fiers of the vacuum-tube voltmeters instead of galvanometers. These legs had
t:» same resistance ( ~~500£1) as galvanometers. This substitution was pos-
s1bie because of the scale linearity of the VKS-7 vacuum-tube voltmeter. Since
such ratiometers are comparatively rare in radio engineering practice, we will

briefly describe their principle of operation.

A diagrem of the ratiometer is shown in Figure 11. The deflecting coil K
covers the whole core and moves like any moving-coil instrument in a uniform
magnetic field. The second "fixed" coil Kp covers only half of the core and
makes a definite angle with the coil Kj.

The control coil Kg is set so that when current flows through it alone,
its magnetic axis coincides with the direction of the magnet's flux. If the .
form of the pole pieces is properly selected, the position of Ky shown in Fig-
ure 11 will satisfy this condition. If this coil is moved to the right or left
by an external force, it will always try to return to the indicated zero posi-
tion. Thus, the coil K, functions as an "electricel spring." The deflection
torque is produced by the coil Kj, which corresponds to the moving coll in a
conventional meter.

The current is supplied to coil K; from the end of the reflectometer oppo-
site the oscillator and to coil Kp from the other end. When there is a trevel-
-ing wave in the feeder, the current I' through the coil Kj is zero. Hence, for
a traveling weve the ratiometer gives a zero reading regardlesscof the current
Iv flowing through coil Ko, which alvays differs from zero [see formulas (17)
and. (18)_7 . When a reflected wave is present, the current I' through cpil K;
produces a deflection torque and the ratiometer will read the ratio <% of the
currents flowing through coils K and Kp.

In our experiments, the vacuum-tube voltmeters were placed right next to
the feeder -in shielded boxes connected with the feeder shield by a pipe (Fig-
ures 8 and 9). A cable passing through the pipe comnected the probe with the
amplifier. The probe itself was comected directly to the Kaminskiy resistors
inside the feeder.

In the box, a lead-covered cable passed from each voltmeter to the ratio-
meter. The cable sheath was connected to the shield. The ground terminals of
the voltmeters were also comnected with the shield. These measures, taken to
shield the voltmeters, were absolutely necessary in order to eliminate distor-
tion of the readings by hf induction. '
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Hf induction had a double effect as applied to voltmeters of the VKS~T
tyre. For example, induction in the conductors leading to the ratiometer tended,
as a rule, to reduce the readings of the voltmeter so much that the pointers of
the instruments returned to the zero position. Industion in the other c.mpo-
nents of the voltmete., on the other hand, sometimes increased the reedings. Com-
plete shielding of ail messuring equipment eliminated these effects.

Exprrimental Results "
8

we sssumed that the cross-sectilon
dotted line in Figure 10), and
The characteristic impedance« thus

In determining characteristic impedances,
of the feeder shield was circular (shown by the
used formulas (5) and {7) for coaxial systems.
obtained were:

G, =850, e =85,
o= 18812, e, = /430 ,
pp =700, £ =232

alues are somewhat high since the shield was actually closer

Obviously, these v
e circle used in the calculations.

to the feeder pipe than the radius of th

To estimate the error introduced by this assumption, the characteristic im-
edance &, of the feeder was calculated from the quite accurate formula which Ya.

Pe
N. Fel'd ﬂ] derived for feeders with square shields:
tcvrkzn_'_
pa_l—_"“ﬂ/ﬂ —=
R

vhere a is the side of the shield and r is the radius of the central pipe. For

the dimensions shown in Figure 10, we fcund thatg, = 76.Q . Compg.rison of this

value with the value obtained above shows +that the error is #pprbximately 15%.

The characteristic impedance @, , with consideration for the effect of the
feeder, was not known accurately, and this made it necessary to try experimental

load resistances Rp.

The resistances Rp are most easily determined for a TWR in the feeder of
unity. Then a zero value for the current I' in the reflectometer would correspond
to the required value of Ry, vhich can be found from paragraph 2 of the theoretical

section.

We selected the resistances Rp for a TWR of approximately 0.9 (2 = 75 m). W8
made a preliminary test to meke sure that the cross section of the end of the re-
flectometcr opposite the oseillator did not coincide with a voltage node or loop
in the feeder, Otherwise, a false zero value (see paragraph 3 of the theoretical

section) might be obtained.

v /
Furthermore, we had to meke sure that the ratio :‘72-7,- actually was very close
to & minimum vhen Rp vas equal to (3, . As ‘shown in parageaph 3 (theoretical sec-
tion), if the length of the line is small compared to the wave lenghh:

II____i&Lloz—Z!Ra ’

Nz

Z' @, Pa+2,Ra
If we introduce the cymbols
R X .. R
o Ay, =B and V=—g&

. a| *
expression (23) can be written in the form:

) ) 23)

L'~ TV IR F V2B
T Vs getrs @4)
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Whence it follows that the position of a minimumjj—;, depends on a value
of ('g , determined from the following equation:

Y1482 =y (1=A4)~1=0- " (28)

For a TWR of about 0.9 and X,==0 (since the position of the reflectometer
does not coincide with a node or ioop in the feeder), it will be sufficiently
accurate to consider that A = 1, and that the value B = 0.9 depends only on the
value of B, which here must be sbout 0.1l.

Then we obtain from formula (25):
Y=yt5=
1+ 5
or, since 32 is very small c”-pared with unity,
Y=/-
I
"

/
Thus, in ihe case under consideration, the position of minimum I corresponds
very clcsely to a value of Rp equel to Ca -

" Figure 12 shows the ratio —1;,, as a function of the resistance R,. From the
curve, we see that the optimum Value of k, is 170 .. The apyroximate value for
@> in paragraph 2 of the experimental section was 18302 .

Using the value for £, thus found, in Figure 13 experimental points are ¢
drawn as a function of the ratio y=52. The dotted line is the theoretical curve
calculated from formula (24), assuming that A = 1 and B = 0.1. The experimental
points agree very well with the theoretical curve. This confirms the reflecto-
meter's principle of operation and the practical applicability of tae formulas
used in the calculations.

For the value of the resistance Ry selected, a comparison was made between
the reflectometer readings and TWR values found by the msual method, i.e., by
curves of the voltage distribution along the feeder, The comparison was made Por
wave-lengths from 50 to 100 m. The corresponding graphs are shown in Figure 1k.-
The TWR values measured by the canventional method (Epgas), are plotted on the
abscissa, while the values corresponding to the refléctometer reedings (kp.e),
are plotted on the ordinates. Both methods give essentially dhe same result.

Further experiments clarified the influence of irregularities in the re-
flectometer. For this purpose, local irregularities were artificially produced
by means of a copper pin 60 mm long and 10 mm wide. The pin was installed in
different positions at various points of the reflectometer. The experiments
showed that the pin had virtually no effect on the readings. :

Since the effect of the pin must be stronger than that of the supporting
iusulators and since the pin was considerably larger than any possible irregu-
larities, the experiments proved that the conventioral support methods and vaer-
ious irregularities cannot introduce any apprecialile error into the reflectometer
readings. '

We should like to emphasize that the reflectometer measurements are very re-
liable and can be reproduced. Our study, therefore, fully confirmed the feasi-
\_):Llity and practical advantage of using the reflectometer as an instrument for
remote measurement of the TWR.

In conclusion, the author takes this opportunity to thank Professor M. S.
Neymen for his assistance in this work.

LKn appendix (5 text pages), showing the derivation of the equations for
the characteristic Impedances in a coaxial system, is omitted here _7
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